between clearness index and relative sunshine was developed for evaluating the monthly mean daily global radiation by Coppolino (1994) at Italian locations.
The proposed correlation was found to be suitable for the evaluation of monthly mean daily global solar radiation at Italian locations with a high degree of accuracy. Linear, polynomial, exponential and power regression equations for clearness index in terms of fraction of bright sunshine duration were derived using data of 16 meteorological stations in Sudan by Elagib et al. (1999) . It was found that the estimated values using regression equations were found to fall beyond about 10% accuracy level. Further, Babu & Sathyamurthy (2001) developed correlations for predicting minimum and maximum daily clearness indices in the absence of data and tested over 70 locations ranging from 8 N to 64 N. The results showed that the predicted daily clearness indices have a standard deviation of 0.034when compared with the measured data. Ibanez et al. (2003) tested the unimodality of probability density functions of clearness indices at locations between latitudes 18.43 N and 64.81 N. It was concluded that the proposed bi-exponential method for predicting daily distribution reduced the RMS error by over 20% when compared to the earlier methods. Harmonic analysis was used to model the monthly clearness index values at nine stations of Turkey by Sahin et al. (2001) . It was found that the Western and Eastern parts of Turkey have nearly similar characteristics.
Ali Al-Lawati et al. (2003) developed radial basis function neural networks for estimating of clearness index and solar radiation for any location in Oman. The maps thus developed could serve as a reference design and performance evaluation of solar energy conversion systems in the region. using three year measurements of meteorological data in Mosul and also ARIMA (2,1,1) was developed for predicting the clearness index. The results were with other available models and it was confirmed that the calculated values were in close agreement with the measured experimental data with least error.
In the present study, linear and polynomial equations have been developed for daily average clearness index (H g /H 0 ) in terms of daily average cloudiness index (H d /H g ). These equations have been validated by finding the standard deviation between calculated and measured data.
METHODOLOGY
Three South Indian locations viz., Chennai, Trivandrum and Visakhapatnam have been selected for the present study. The long-term measured data of daily average global and diffuse solar radiation during the period from 1993 and 2007 were collected from Indian Meteorological Department, Pune. The latitude and longitude of these locations are presented in Table 3 .1. Using the extra-terrestrial radiation for the locations, the two ratios clearness index (H g /H 0 ) and cloudiness index (H d /H g ) have been determined.
RESULTS AND DISCUSSION

Variation of clearness and cloudiness index
Daily average clearness and cloudiness index for the three locations have been calculated using the measured daily average global and diffuse solar radiation as depicted in Figures (3.1-3 .3). From the Figure ( 3.1), it can observed that, the clearness index at Chennai during the months from January to May is higher than the cloudiness index due to clear sky and extreme hot climate.
The solar radiation from the sun reaches the horizontal surface without scattering in the respective locations from January to May, reflecting the characteristics of coastal area in South India at the start of June. The clearness index slowly decreases and it seems to be equal to that of the cloudiness index at the starting of June. From June to December, the clearness and cloudiness index at Chennai are almost the same and this can be attributed to hazy climatic condition.
The haziness is accompanied with rain during June to August with high degree of humidity. This in turn, accounts for the similarity of both the indices clearness and cloudiness. Though the clearness index decreases after of May, the climatic condition at Chennai is suitable to utilize solar thermal devices for both domestic and industrial applications for entire year.
Figure (3.2) shows the variation of clearness and cloudiness indices
at Trivandrum for the entire year. In Trivandrum, the clearness index is higher during the first three months of the year, indicating that the clarity of the sky allows solar radiation to reach the surface without scattering. Thereafter, the clearness index decreases for the next two months due to high humidity, which tends to increase of cloudiness index. The humidity is accompanied with some amount of rain in this location, resulting in the decrease of clearness index.
After North east monsoon starts and both the indices are nearly equal and sum of the indices is almost uniform. The linearity of the two indices is clearly interpreted.
Visakhapatnam being hot and humid, Figure (3.3) , it can be observed that the clearness index is higher than the cloudiness index from January to May. After May, the cloudiness index increases for the next three months due to the monsoon to moderate amount of rainfall in this location.
Both the indices are comparable for another 90 days from September, as the climatic condition is partly cloudy. Followed by the cloudy sky, the remaining number of days of the year has clear sky condition, leading to the domination of the clearness index over the cloudiness index. 
Correlation equation for clearness index
Since the clearness index is an important parameter for designing and performance testing of solar systems (Photovoltaic and Thermal), it is indispensable to correlate the clearness index with the cloudiness index in order to find the correlation equation for clearness index in terms of cloudiness index.
The clearness index for all the three locations are plotted against the cloudiness index. Also, trendlines have been drawn to find the linear and polynomial correlation equation for clearness index in terms of cloudiness index. Figure   ( 3.4-3.6) represent the variation of clearness index with respect to the cloudiness index for the three locations. Table. 3.2 presents the linear and polynomial equations for clearness index in terms of cloudiness index by drawing the trendlines. 
Validation of the correlation equation
PERFORMANCE STATISTICS
The predictive accuracy of the proposed clearness index model was noted by calculating the mean bias error (MBE), root mean square error (RMSE), mean percentage error (MPE) and absolute mean bias error (AMBE).
These are defined below:
Root Mean Square Error (RMSE)
The RMSE is defined as
where, d j is the difference between the j th calculated and j th measured value of global radiation on a horizontal surface and n is the number of data pairs.
Mean Bias Error (MBE)
The MBE is defined as 
Mean Percentage Error (MPE)
MPE is defined as 
Absolute Mean Bias Error (AMBE)
AMBE provides the value of absolute mean deviation between the calculated and measured values of global radiation and is also a measure of the goodness of each correlation. Proper computer programs were written in C language for the regression analysis to calculate the extraterrestrial radiation values H 0 and the day length S 0 using the standard procedure given by Duffie and Beckman (1991) . The performance was calculated for each month. Table 3 .3-3.5 presents the value of H g calculated from the polynomial equation and compared with the measured value in terms of different errors for all the above mentioned three cities. The present model was verified done by comparing it with existing the local correlation. The local correlation was selected according to the availability of either city wise (correlation corresponds to the particular city) or region-wise (city corresponds to the particular region) for the city correlation. Mani and Rangarajan (1982) . The above test clearly shows that the proposed model is better than other models and is close agreement with the measured data. 
CONCLUDING REMARKS
The linear and polynomial correlation equations for clearness index in terms of cloudiness index for South Indian locations (Chennai, Trivandrum and Visakhapatnam) have been derived and validated to verify the reliability of the method adopted. It can be seen that the error in calculated daily average clearness index values for the locations are within 5% of the measured values.
Hence, the proposed correlation can be extended to other locations in South
India that have similar humid-warm weather. Moreover, the analysis of clearness index in the locations reveals that conclusion that the best performance of solar collector of photovoltaic systems can be achieved in the locations and also for large scale installations. Further, the linear and polynomial equations for clearness index regarding Chennai, Trivandrum and Visakhapatnam can be applied for other nearby locations as well. 
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